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ULTRASONIC PROBE 
BACKGROUND OF THE INVENTION 

Piezoelectric transducers with probes are well 
known for their use in ultrasonic processing. 
Chemists and microbiologists have been using such 
devices to generate high-intensity cavitation for 
homogenizing difficult combinations/ cell breakage, 
extraction, particle reduction, cleaning, chemical 
reaction enhancement, and many other uses. 

Such transducers having a needle probe are also 
known and are principally used for cleaning out small 
holes . 

A need exists for a probe that can be used for 
the rapid_processing_of small samples. Such a probe 
can be used in conjunction with detection .chemistry 
to analyze for the presence of sulf ate-reducing 
bacteria in oil and gas production, cooling and in 
waste water treatment systems and in pulp and paper 
production. 

When conventional probes having a diameter of 
less than approximately 0.08 inch (0.2 cm) are 
employed, it has been found that the cavitation they 
generate is insufficient to produce the desired 
effect in many small-volume applications. This is 
due to predominant edge effects that disperse the 
sound field at the probe tip, preventing the sound 
intensity from exceeding the threshold necessary for 
cavitation. 

SUMMARY OF THE INVENTION 
I have discovered that the cavitation produced 
by an ultrasonic probe having a diameter less than 
0.08 inch (0.2 cm) can be significantly increased if 
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the face of the probe tip has a concavity that will 
focus the sound field, thereby overcoming the edge 
5 sound dispersion effects. By concavity it is meant a 
shallow indentation in the tip face. This concavity 
can be radially symmetric, e.g., spherical, 
parabolic, ellipsoidal or conical. It can also be 
uniaxially symmetric, e.g., grooved with a wedge or 

10 curved shape. 

Concavities with other symmetries that will 
focus the sound field and provide the desired 
cavitation can also be used; however, they would not 
be preferred as they would be more difficult to 

15 fabricate. The preferred concavity is one that is 
radi ally-symmetric as it is the easiest to machine, 
*l e \'_ a simple lathe operation, and they are the most 
readily finished with a final treatment, i.e., a 
coating to improve wear resistance. 

20 The shallow concavity in the small-diameter 

probe tip will generate a relatively extended, 
stable, high-intensity cavitation zone that readily 
meets the requirements for sonochemical processing 
such as rapid cell lysis. This advantage coupled 

25 with the small probe diameter means that the 
apparatus of the invention can be used for 
small-volume sample processing, can be used with 
enzymes and other heat sensitive materials as it does 
not unduly heat the sample, can provide efficient 

30 sample circulation for uniform processing, and 
requires less electrical driving current than 
larger-diameter probes, thus permitting battery 
operation. Thus the apparatus of the invention can 
be readily incorporated into a hand-held, small field 

35 unit that can contain its own power supply. 



PPSCRIPTIQN OF T HE DRAWI NGS 
Figure 1 is a side view of a combined 

piezoelectric transducer and probe. 

Figure 2 is a cross-section of a probe tip 

illustrating a concavity that is radially 

symmetrical, i.e., spherical. 

Figures 3 and 4 are further cross-sections of 

probe tips having concavities that are conical. 

DETAILED DESCRIPTION OF THE INVENTION 
The apparatus of the invention will be 
described with reference to the Figures. 

In Figure 1 the probe 1 of a typical 
piezoelectric transducer is illustrated. This probe 
can be mounted in a suitable housing (not 
illustrated) . 

In this embodiment the probe and transducer are 
combined into one piece which is resonant 'in a single 
half-wavelength mode, sometimes referred to as an 
integral-probe transducer. In other embodiments they 
can be in two pieces, a half -wavelength resonant 
transducer and a half-wavelength resonant probe (not 
illustrated). This enables different diameter probe 
tips to be employed. If desired more than a one 
half-wavelength probe can be coupled to the 
transducer, e.g. a full-wavelength probe. 

The transducer portion of the device shown in 
Figure 1 consists of backpiece 2, electrodes 3, 
piezoelectric crystals 4, and a bolt (not 
illustrated) that passes through the backpiece, 
electrodes, and crystals, and threads into the top 
face of probe 1 to compress the crystal/electrode 
sandwich between the probe and the backpiece. 
Electrodes 3 communicate between the power source 
(not illustrated) and the piezoelectric crystals 4. 
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The lectrodes can be made of conventional materials, 
e.g.,. Be-Cu or nickel and conventional crystals can 
be employed, e.g., barium titanate or lead zirconate 
titanate crystals. 

The probe 1 can be made of conventional 
materials, e.g., aluminum or titanium alloys, and in 
some embodiment it will be desirable to treat or coat 
the tip face 5 with a wear resistance material, such 
as chromium oxide, aluminum oxide, an alloy of 
alumina/titania or similar materials. 

In the apparatus of the invention the tip 6 of 
the probe will have a diameter of less than 0.08 inch 
15 (0.2 cm), if the diameter is larger, the tip face 5 
need not contain a concavity to produce the desired 
cavitation. 

Figures 2, 3 and 4 all illustrate different 
embodiments of the shallow concavity on the face of 

20 the probe tip. In Figure 2 the concavity is 
spherical while in 3 and 4 it is conical. 

Only a shallow concavity is required in the 
probe tip to produce the optimum cavitation effect, 
and, in fact, a deeper feature, i.e. a hole or 

25 counterbore, will generate inferior cavitation and 

cause premature erosion failure within the hole. The 
preferred concavity is configured with sidewall 
angles no smaller than 45 degrees to the probe axis, 
to maximize the vibrational components of the tip 

30 surface parallel to the probe axis. The diameter or 
dimension of the open end of the concavity is 
preferably a large fraction of the tip diameter or 
dimension, to maximize the area of focused sound 
radiation. 

35 Illustrative of the dimensions of the concavity 

are the following: 
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In Figure 2, D, th diameter of the probe tip 
is .050 inch, d, the depth of the concavity, is 
5 .010 inch and R, the radius of the sphere is .020. 

In Figure 3, D remains the same, while d is 
.008 inch and a, the angle is 60°. In Figure 4, D 
remains the same and d is .012 and a is 45°. 

It should be understood that these dimensions 
10 are merely illustrative and many other embodiments 
are possible, usually depending on the means 
available to make the concavity. 

The concavity in the probe face can be produced 
by conventional machining operations, e.g., turning, 
15 grinding, boring, or electrical-discharge machining. 

The apparatus of the invention can be operated 
in the conventional manner, i.e., frequencies from 20 
to 120 kHz depending upon the size and power of the 
apparatus required. The preferred frequency range 
20 for small-sample sonochemical processing is 40 to 
70 kHz. 

The apparatus of the invention is useful for 
any application wherein ultrasonic processing is 
employed. In view of its features it is particularly 

25 useful in the rapid treatment of small, heat 

sensitive samples. Thus it can be used to lyse 
sulf ate-reducing bacteria for detection by an 
immunoassay technique. In this use it can be 
incorporated in a small, field test kit with its own 

30 power supply and detection chemistry to analyze 
biocorrosion problems in oil and gas production. 



35 
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CL AI MS 

5 I claim: 

1. In a piezoelectric transducer having a 
probe for producing cavitation, the improvement 
comprising the probe tip having a diameter less than 
0.08 inch (0.2 cm) and the tip having a concavity on 

10 its face. 

2. The probe of Claim 1 wherein the 
concavity is radially symmetrical. 

15 3. The probe of Claim 1 wherein the 

concavity is uniaxially symmetrical. 

4. The probe of Claim 1 wherein the 
transducer has a frequency range of 20 to :120 kHz. 

20 



25 
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